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Objective: To present our initial experience and technical considerations for the use of chimney grafts in the treatment of
patients that require endovascular aneurysm repair with aortic branch preservation.
Methods: All patients treated with a chimney procedure between October 2009 and June 2011 were included in our
analyses. Chimney procedures were only performed in patients that were unsuitable for open repair and without
opportunity to use fenestrated grafts (because of unsuitable anatomy or emergency operation). Open brachial or axillary
access was used to deploy covered chimney grafts in the target vessels, and subsequently, a stent graft was deployed via
femoral cut-down access.
Results: Thirteen patients (12 males; mean age, 77.2 6 6.2 years; mean maximal diameter, 71.4 6 10.2 mm) underwent
a chimney procedure with the preservation of 22 aortic side branches. Primary technical success was 92.3% due to
occlusion of one renal artery within 24 hours. Thirty-day mortality was 0%. Infrarenal mean neck length was 2.6 mm 6
3.2 mm (range, 0-8 mm) and could be extended to 27.3 mm 6 9.9 mm (range, 18-53 mm) by the use of chimney grafts.
During follow-up (median, 10.8 months; interquartile range, 7.4-19.4), one patient died from complications from
mesenteric ischemia based on a stenosis of the celiac trunk attributable to the bare stent of the stent graft, and one patient
died from aneurysm rupture. Other complications included late occlusion of one renal artery and a type II endoleak,
which was unsuccessfully treated with coil embolization and required laparotomy. If we disregard the ruptured patient
who had an enormous increase of aneurysm diameter, mean aortic aneurysm diameter reduced from 70.7 6 10.3 mm
(range, 54-89 mm) to 66.7 6 13.9 mm (range, 48-96 mm) during follow-up (P[ .13). In three patients, the aneurysm
diameter decreased by more than 5 mm and in two patients, the diameter increased by more than 5 mm. The aneurysm
diameter remained stable in the other eight patients.
Conclusions: Until off-the-shelf fenestrated or branched stent grafts become available, the chimney procedure offers
a minimally invasive treatment option in patients requiring aneurysm exclusion with side branch revascularization.
Although long-term follow-up has to be awaited, the initial results show that chimney grafts can help to decrease or
stabilize the aneurysm diameter in most patients, but aneurysm rupture was not prevented in all patients. (J Vasc Surg
2013;58:607-15.)Open surgical repair for complex abdominal aortic procedure” offers a readily available alternative for the treat-
aneurysms is associated with a high mortality rate in high-
risk patients.1-3 The development of fenestrated and
branched endoprosthesis has offered a minimally invasive
treatment option in patients requiring aneurysm repair
with aortic side branch preservation. Although good results
have been obtained, the role of these devices is currently
limited because they have to be customized to the patient’s
anatomy, making these procedures time-consuming, com-
plex, and expensive.4-8 Furthermore, a certain percentage of
patients is rejected for a custom-made fenestrated graft
because of anatomic considerations. Standardized fenes-
trated and branched stent grafts are currently being devel-
oped so patients can be treated in an acute setting, but
these grafts are yet not widely available.9 The “chimneythe Department of Vascular Surgery, University Medical Center.
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The chimney technique can be used as a bailout proce-
dure for unintentional coverage of vital side branches or
can be planned as an alternative procedure to extend the
aortic neck in patients considered ineligible for fenestrated
or branched stent grafts.11-13 Recently, several authors
have presented their series and two reviews showed excel-
lent results, with a technical success rate of 94.8% and
30-day mortality of 7.1%.14,15 Although these results are
already promising, the technique is evolving.11-15 We
analyzed our clinical experience with chimney grafts in
the treatment of complex abdominal aneurysms and
present our results and technical considerations for these
procedures.
METHODS
Patient selection. All high-risk patients with a jux-
tarenal or suprarenal abdominal aortic aneurysm with
severe to high rupture risk (>6 cm for fusiform aneurysms
or >5 cm for saccular aneurysms), considered ineligible for
both open surgical as branched or fenestrated endovascular
repair, were included. Patients treated with a chimney
procedure between October 2009 and June 2011 at
University Medical Center Utrecht were included.607
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aneurysms, persisting proximal type I endoleak or stent
graft migration after conventional endovascular aneurysm
repair (EVAR) and para-anastomotic aneurysm after open
surgical aneurysm repair.
Conventional endovascular repair was prohibited in all
cases due to a proximal landing zone smaller than 5 mm
or <10 mm in combination with severe angulation of the
aortic neck (>60). Signiﬁcant comorbidities (eg, chronic
obstructive lung disease, congestive heart failure, and coro-
nary artery occlusive disease), an American Society of Anes-
thesiologists score of 3 or more, or a hostile abdomen
precluded these patients for open surgical repair. Two of
the patients presented with an aortic rupture, requiring
acute intervention. For all other patients, Cook Medical
was consulted for a customized endoluminal prosthesis
based on the Zenith fenestrated system (William A. Cook
Australia Pty Ltd, Brisbane, Australia), but all requests
were declined because of an unfavorable anatomy,
including severe angulation (>45), too narrow diameter
of the aorta or target branches, or too challenging iliac
artery access.
Preoperative planning was based on computed tomo-
graphic angiography (CTA) with <1.5-mm slices. The
goal of the intervention was to obtain a proximal landing
zone of at least 15 mm, determining the extent of the
procedure and the number of chimney grafts. If <15-mm
landing zone could be obtained with a maximum of two
chimneys, the patient was rejected for this procedure.
Procedure. All procedures were performed under
ﬂuoroscopic control (Veradius; Philips Medical Systems,
Best, The Netherlands). Surgical access to both femoral
arteries and the left brachial artery was obtained. After
administration of 100 IU/kg heparin, a 0.035-inch
hydrophilic guidewire (Radifocus; Terumo Medical,
Tokyo, Japan) was used to position a pigtail angiographic
catheter above the ostium of the renal arteries. Via the
brachial access, a long 10 or 12F Hydroﬁlic ﬂexor sheath
(Cook Medical, Bloomington, Ind) was positioned
approximately 10 cm cranial to the ﬁrst target vessel. Then,
all planned target vessels were cannulated through the
same brachial sheath with 0.035-inch hydrophilic guide-
wires, which were replaced by 0.035-inch Rosen guide-
wires (Merit Medical, Galway, Ireland). Then, the main
body of the stent graft was introduced from the groin, to
the intended position, which was checked by angiography.
Before deployment of the main device, self-expandable
covered stents (Viabahn; Gore, Flagstaff, Ariz) were placed
as chimneys in the designated target vessels. Chimneys
were deployed $15 mm in the target vessel and were
planned to end above the (bare stent of) the main body
of the stent graft. If not, they were extended with
a second, similar-diameter, covered stent. After chimney
deployment, the main body of the stent graft was
deployed. Then, the chimneys were ballooned using
a percutaneous transluminal angioplasty balloon with
a similar diameter as the chimney. Contralateral leg
and iliac extensions were inserted and deployed.Subsequently, the stent graft was ballooned only distally
to the area of the chimneys. Completion angiography
was performed and ﬁnally, the wires and catheters were
removed, and the access vessels were surgically closed.
During the procedure, the activated clotting time was
checked regularly to ensure an activated clotting time of
$250 seconds. Postoperatively, patients were treated
with dual-antiplatelet therapy (clopidrogel 75 mg daily
and aspirin 100 mg daily) for 6 months. After 6 months,
monoantiplatelet therapy was continued.
Surveillance and imaging protocol. Surveillance
protocol included physical and laboratory examination
and CTA prior to hospital discharge, after 6 months,
1 year, and yearly thereafter. Six weeks after the pro-
cedure, patients were checked with laboratory testing and
physical examination. All CTA scans were acquired on
a 64- or 256-slice CT scanner (Philips Medical Systems,
Best, The Netherlands) with a standardized acquisition
protocol (scan parameters: 0.9-mm slice thickness, 0.7-mm
increment). Intravenous nonionic contrast (120 mL,
Iopromide; Schering, Berlin, Germany), followed by
a 60-mL saline chaser bolus, was injected at a rate of
6 mL/s. The scan was started using bolus-triggering soft-
ware with a threshold of 100 HU over baseline. The
acquired data sets were transferred to a workstation
(3Mensio Vascular 4.3; 3Mensio Medical Imaging B.V.,
Bilthoven, The Netherlands) for assessment.
Analysis. The baseline, postoperative, and last avail-
able CTAs of all included patients were selected for anal-
ysis. A center vessel line was acquired and diameters of
the affected aortas were measured perpendicular to the
aorta at the level of the most distal target vessel, the
most proximal target vessel, largest aortic diameter, and
the intended landing zone. The area between the aortic
wall and the covered stent graft created by the chimney
grafts, the so-called “gutters,” were measured at the most
proximal level of the covered part of the stent graft (Fig 1).
Initial aortic neck length (eg, the distance between the
aneurysm and the most proximal target vessel) and the
length of the ﬁnal landing zone after stent graft placement
were measured along the center-vessel line. For every
target vessel, an individual center-vessel reconstruction was
generated to measure the chimney stent length in the vessel
and the length of the stent covered by the stent graft. In
addition, a crossing conﬁguration of the chimney stent,
deﬁned as wherein one chimney crosses the other, thereby
possibly compromising the aortic diameter and circumfer-
ential apposition of the stent graft, was objectiﬁed (Fig 2).
Two-tailed Student t-test was used to determine statistical
signiﬁcance (P < .05).
RESULTS
A total of 13 patients (12 male; mean age, 77.2 6 6.2
years) underwent a chimney procedure. All patients were
considered ineligible for open repair due to extensive
comorbidities (Table I). Indications for aneurysm repair
with a chimney graft were as follows. Six patients had a
primary juxtarenal or suprarenal aneurysm, three patients
Fig 2. Crossing conﬁguration of the chimney stents compro-
mising stent graft apposition.
Fig 1. Area measurement of perigraft channel.
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open surgical repair, and four patients had stent graft
migration after conventional EVAR requiring proximal
stent graft extension. Two patients presented with aortic
rupture and underwent a chimney procedure in an emer-
gency setting. On preprocedural CTA, the mean maximum
aneurysm diameter was 71.4 mm 6 10.2 mm (range, 54.0-
89.0 mm), with a mean infrarenal neck of 2.6 mm 6
3.2 mm (range, 0-7 mm).
A total of 22 side branches were revascularized with
the use of chimney grafts, 19 renal arteries, 2 superior
mesenteric arteries, and 1 celiac trunk. Five patients under-
went a single renal artery chimney, six patients had bilater-
al renal revascularization, one patient had a chimney for
the superior mesenteric artery, and one patient underwent
a total renovisceral revascularization. More detailed tech-
nical descriptions are listed in Table II. In our series, no
functional renal arteries were sacriﬁced to reduce the
number of chimneys. All branch stents used were self-
expandable covered stents. To acquire extra radial force,
additional placement of balloon-expandable stents into
the chimney grafts was considered desirable in only one
case. This was the patient who underwent a total renovisc-
eral revascularization with the use of four chimney grafts
(patient 12). Primary technical success was 92.3%, with
adequate cannulation and chimney placement of all target
vessels and exclusion of the aneurysm. One renal artery
was occluded within 24 hours after the procedure.
Complete occlusion of the right renal artery was objectiﬁed
with Duplex ultrasonography and CTA 3 days postopera-
tive conﬁrming the total occlusion of the right renal artery.
The covered stent was, however, fully deployed, without
signs of kinking or signiﬁcant stenosis. A cause for theocclusion was not found on CTA, but given the early
presentation, the occlusion was considered due to technical
failure. As this patient developed acute renal failure
(maximal creatinine, 711 mmol/L), he was submitted to
the intensive care unit for hemodialysis after which creati-
nine levels stabilized to 212 mmol/L (glomerular ﬁltration
rate, 27 mL/min/1.73 m2) at discharge. Further surveil-
lance of the kidney function was performed by the nephrol-
ogist, and the most recent creatinine level decreased to 131
mmol/L (glomerular ﬁltration rate, 49 mL/min/1.73 m2)
Median hospital stay was 4.0 days (interquartile range,
3-9.5 days), and only one patient was admitted to the inten-
sive care unit during 6 days.Overall 30-daymortalitywas 0%.
Postoperative course was complicated in two patients
(15.4%); one patient developed a pulmonary embolism,
successfully treated with anticoagulation therapy, and one
patient received antibiotics for a postoperative wound
infection.
Median follow-up was 10.8 months (interquartile
range, 7.4-19.4) during which one patient died of a proce-
dure-related event. This patient (patient 11) had a solitary
functional kidney and was treated for an 8.8-cm suprarenal
aneurysm with a chimney graft to the right renal artery.
Since the patient had a dominant and patent celiac trunk,
we decided to cover the mesenteric artery, which was
extremely calciﬁed and nearly occluded at the origin, to
obtain an adequate proximal landing zone. Postoperative
scan, however, showed a partial stenosis of the celiac trunk
attributable to the proximal bare stent ring of the stent
graft. During hospitalization, the patient did not develop
complaints and was discharged in good health. However,
2 months later, the patient was submitted to another
hospital with abdominal complaints and despite additional
stenting of the celiac trunk and a patent chimney graft, he
Table I. Baseline characteristics of chimney patients
Patient Sex Age Operation indication Comorbidities Acute vs planned
1 M 74.9 Para-anastomotic aneurysm Bifurcation prosthesis AAA,
COPD gold IV
Rheumatoid arthritis
Acute
2 M 88.7 Migration EVAR Urolithiasis
Myocardial infarction
EVAR
Planned
3 M 81.6 Juxtarenal AAA Myocardial infarction
ICD
COPD
Renal insufﬁciency
Planned
4 M 68.5 Juxtarenal AAA PAOD Planned
5 M 74.9 Juxtarenal AAA Myocardial infarction
Low anterior resection
Rectum carcinoma
Paroxysmal atrial ﬂutter
Planned
6 M 75.0 Juxtarenal AAA COPD
Lobectomy right lung
Atrial ﬁbrillation
Planned
7 M 85.5 Migration EVAR CABG
EVAR
Renal insufﬁciency
Planned
8 F 79.9 Juxtarenal AAA COPD
Mitral valve insufﬁciency
Planned
9 M 65.6 Migration EVAR Bilateral nephrectomy
Hemodialysis
Acute
10 M 79.9 Para-anastomotic aneurysm PAOD
Open surgical aneurysm repair
Planned
11 M 77.9 Para-anastomotic aneurysm COPD gold III
CABG
Aorta valve replacement
PAOD
Renal insufﬁciency
Planned
12 M 75.3 Suprarenal AAA COPD gold III
Diaphragmatic hernia
Planned
13 M 76.4 Migration EVAR COPD
DM II
Pneumectomy right
Sigmoid resection
Atrial ﬁbrillation
PAOD
EVAR
Planned
AAA, Abdominal aortic aneurysm; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; EVAR,
endovascular aneurysm repair; F, female; GFR, glomerular ﬁltration rate; ICD, implantable cardioverter deﬁbrillator; M, male; PAOD, peripheral arterial
occlusive disease; SMA, superior mesenteric artery.
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likely due to mesenteric ischemia.
One other patient died because of an aneurysm-related
event. Patient 7 was treated with a chimney procedure for
the revascularization of the right renal artery after stent
graft migration. Follow-up CTA at 1 year showed an
increase in aneurysm diameter of more than 10 mm, which
was thought to be caused by a type Ib endoleak attribut-
able to insufﬁcient distal sealing of the stent graft.
However, despite the distal extension of both limbs 18
months after the initial chimney procedure, the aneurysm
diameter did not stabilize. In view of the poor physical
condition of the patient, we decided to follow a conserva-
tive policy with strict radiologic surveillance. After 26
months of follow-up, the patient presented at the emer-
gency department of a local hospital with a hemodynamiccollapse. The CTA scan showed an increase in aneurysm
diameter to 110 mm, with a rupture and large retroperito-
neal hematoma. The chimney graft in the renal artery and
stent graft were still in a good position. Given the extensive
medical history, unfavorable prognosis, and poor condition
of the patient, a decision was made to discontinue any
further treatment.
There were two nonaneurysm-related deaths during
follow-up (patients 3 and 5). Autopsy conﬁrmed that the
death of patient 5 was a cancer-related death, wherein
during autopsy was shown that the stent grafts were still
in a good position with sufﬁcient aneurysm exclusion. No
autopsy was obtained for patient 3, but clinical symptoms
revealed that this patient died 26 months after surgery
from (pre-existing) heart failure. The last scan showed
a stable aneurysm with patent chimneys.
Maximum
diameter aneurysm
GFR
pre-OK
Duration of
hospitalization
Total No. of
chimneys
No. of renal
chimneys
No. of chimneys
truncus/SMA
74 >60 3 1 1 0
89 59 4 2 2 0
72 42 8 2 2 0
54 >60 2 1 1 0
63 >60 2 2 2 0
66 >60 3 2 2 0
80 37 3 1 1 0
68 >60 9 1 1 0
75 <20 3 1 0 1
61 47 10 2 2 0
88 33 7 1 1 0
73 >60 4 4 2 2
65 >60 41 2 2 0
Table I. Continued.
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postoperative CTA, which was not seen perioperatively on
the ﬁnal control angiogram. Since the nitinol aortic stent
did not show complete deployment, shortly after the
EVAR without primary ballooning of the stent graft, the
patient was treated conservatively and was kept under strict
surveillance after which the proximal type I endoleak
resolved spontaneously after 1 month. One other patient
with aortic enlargement during follow-up had a type II
endoleak requiring coil embolization and ﬁnally, after
unsuccessful embolization, a laparotomy was performed.
When the aneurysm was opened without aortic clamping,
it was conﬁrmed that the stent graft was still in a good posi-
tion without proximal type I endoleak, and only a large
type II endoleak from a lumbar artery was present and
ligated.The patency rate of the chimney was 90.9% with the loss
of a renal artery in two patients. One renal artery was lost
within 24 hours because of technical failure, and 1 renal
artery (patient 5) was thrombosed after 1 month of follow-
up. On the postoperative CTA, this chimney showed some
kinking, which was at that time accepted. However, because
of the occlusion of this chimney, all chimneys are ballooned
after deployment of the main stent graft. Both patients did
not develop renal failure requiring hemodialysis.
Aortic aneurysm diameter reduced from 71.4 6 10.2
mm (range, 54-89 mm) to 70 6 18.0 mm (range, 48-110
mm)during follow-up (P¼ .69). In three patients, the aneu-
rysm diameter decreased by more than 5 mm and in two
patients, the diameter increased by more than 5 mm. The
aneurysm diameter remained stable in the other eight
patients.
Table II. Radiologic/technical characteristics and patient outcome
Patient
Length of aortic neck
below target
vessel, mm
Diameter
of aortic
neck, mm
Length
of landing
zone, mm
Area gutters,
mm2
Crossing
conﬁguration
Stent graft,
% oversizing Target artery
1 0 28.8 20.1 5 0 Endurant (24) Left renal
2 0 25.2 39.2 36.1 1 Endurant (10) Left renal
Right renal
3 0 29.8 28.2 10.1 1 Endurant (33) Left renal
Right renal
4 7 30.1 25 22.4 0 Endurant (30) Left renal
5 2 24.9 23 15.8 0 Endurant (25) Left renal
Right renal
6 4 22.7 18 28.1 0 Excluder (28) Left renal
Right renal
7 0 22.1 28 5.3 0 Endurant (23) Right renal
8 7 21.8 18 10.1 0 Excluder (24) Right renal
9 0 29.7 33 11.2 0 Endurant (21) SMA
10 0 31.1 23 13.2 0 Endurant (18) Left renal
Right renal
11 0 29.3 26 10.3 0 Endurant (15) Right renal
12 0 25.7 53 8.8 0 Endurant (29) Left renal
Right renal
SMA
Celiac trunk
13 0 25.4 21 7.6 0 Endurant AUI (35) Left renal
Right renal
AUI, Aorto-uni-iliac; SMA, superior mesenteric artery.
Bare stent of ﬁrst stent graft located at the level of the renal arteries.
aStent reinforced with Scuba stent.
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3.2 mm (range, 0-8 mm) and could be extended to 27.3
mm 6 9.9 (range, 18-53 mm) by the use of chimney grafts
(Table II). The mean length of the stent in the artery
was 20.0 6 9.5 mm (range, 8.9-49.7 mm). The mean
area of the gutters decreased from 14.1 mm2 6 9.3 mm2
(range, 5-36.1) to 9.2 mm2 6 6.2 mm2 (range, 0-22.9)
(P < .05). There was no correlation between the extent of
the area of the gutters and the presence of type I endoleaks
(P ¼ .2) and also no correlation between the extent of the
area of the gutters and aneurysm growth (P ¼ .6).
DISCUSSION
In the current endovascular era, innovation of stent
grafts and the introduction of branched and fenestrated
stent grafts have broadened the surgeons’ armamentarium,and patients with juxta- or suprarenal abdominal aneurysms
can nowadays be treated in a minimally invasive way. These
techniques are, however, not widely available, expensive,
and technically demanding. Fenestrated and branched
stent grafts have to be customized to the speciﬁc anatomy
of the patient, resulting in a prolonged delivery time.
Therefore, custom-made fenestrated stent grafts cannot
be used in an acute setting. Furthermore, the instructions
for use are strict, and many patients are considered ineli-
gible due to their unfavorable anatomy. The chimney
procedure provides a “bail-out” solution for these
patients.11-15 Using off-the-shelf stent grafts and stents
offers an opportunity for preserving the vascularization
of aortic side branches in both acute and planned settings.
This study shows the feasibility of the chimney tech-
nique with a primary technical success rate of 92.3% and
Diameter target
vessel, mm Stent used (size)
Length
covered by
stent, mm
Length
chimney in
artery, mm
Length
chimney above
stent, mm
Shrinkage
or growth,
>5 mm
Complications/
secondary
interventions
6 Fluency (6  60) 19 14 11 Shrinkage
8 Fluency (9  80) 71.1 8.9 0 Growth Type II endoleak requiring
coil embolization and
ﬁnally conversion
7 Fluency (8  80) 33.4 41.6 5
7 Viabahn (7  50) 37.1 12.9 0 Stable
8 Viabahn (9  100) 50.3 49.7 0
6 Viabahn (7  50) 26.0 21.6 2 Stable
7 2 Viabahn (7  50) 38.2 15.8 15.2 Stable
7 Viabahn (7  50) 22.2 27.8 0 Occlusion after 1 month
right renal
5 2 Viabahn (6  50) 24.2 20.6 3 Shrinkage
8 2 Viabahn (8  50) 26.0 14.2 6
6 Fluency (6  60) 22.7 19.3 18 Growth Type Ib endoleak requiring
extension of the left and
right limb, ﬁnally died
from rupture
6 2 Viabahn (6  50) 19.9 24.1 7 Stable Spontaneous resolved type
Ia endoleaks
12 Viabahn (13  100) 79.9 17.1 3 Stable
6 2 Viabahn (7  50) 37.9 12.1 0 Stable
6 Viabahn (7  50) 35 15 0
5 3 Viabahn (6  100,
6  50 and 6  25)
86.2 17.3 4.5 Stable Stenosis celiac trunk due to
bare stent, died from
intestinal ischemia
6 Viabahn (7  50)a 31.8 18.2 0 Shrinkage
6 Viabahn (7  50)a 30.3 19.7 0
8 Viabahn (9  50)a 21.7 16.3 12
7 Viabahn (8  50)a 35.3 11.7 3
7 Viabahn (8  50 and
8  25)
21.1 19.9 21 Stable
7 Viabahn (8  50) 25.1 12.4 12 Occlusion right renal artery
within 24 hours
Table II. Continued.
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reported results.11-15 Although these results are promising,
the success of the chimney graft remains highly dependent
on patient selection, preoperative assessment, and experi-
ence of the operator. In our institution, the use of the
chimney technique is, therefore, restricted to high-risk
patients with large aneurysms who are ineligible for open
surgical as branched or fenestrated endovascular repair.
Our results demonstrate that in most of these patients
(85%) with large aneurysms, the aneurysm stabilizes or
even shrinks during follow-up.
Mutiplanar views and three-dimensional reconstruction
are needed for a correct assessment and measurement of the
intended landing zone. The interaction between chimney
stents and the stent graft interferes with the apposition
and sealing of the stent graft, making the presence ofperigrafts channels inevitable. These perigraft channels are
considered to be the weakness of the chimney procedure,
as they provide an access for blood to course through,
resulting in a type I endoleak with repressurization of the
aneurysm and eventually failure of therapy. Many theories
about the prevention and natural history of these channels
have been proposed.14 To ensure that the fabric of the stent
graft completely enfolds the chimney graft to ﬁll these chan-
nels, many authors advocate additional ballooning and
oversizing. Kissing-balloon techniques are advocated by
several authors; however, we believe this technique might
pull graft material out of the gutters by stretching of the
fabric and should, in our opinion, be avoided in patients
without type Ia endoleaks on the completion angiogram.
Lachat et al suggested that the calculation of the stent graft
diameter should be based on an elliptic model, but most
JOURNAL OF VASCULAR SURGERY
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use 20%-30% oversizing in all cases, with a tendency to over-
size closer to 30% in cases when more than one chimney is
needed. Our analysis did, however, not show that the area
of the perigraft channels is directly related to the presence
of type I endoleak, but no statements can be made, as the
sample size is small. Furthermore, the area of the perigraft
channels decreased signiﬁcantly during follow-up. It seems
that the chimney graft and the main body comply better
during follow-up, which is probably a result of the radial
forces of both prostheses. In patients with a small infrarenal
aortic neck, these channels run to a “dead-end” that may
result in thrombosis and prevention of a type I endoleak.
In our study population, only one patient showed a primary
type Ia endoleak, which spontaneously resolved, hypothet-
ically due to the presence of a short aortic neck. Other
important factors are believed to be the length of perigraft
channels, since longer channels offer more resistance and
are more likely to thrombose. Furthermore, antithrombotic
therapy and high blood pressure control may also play a role
in the patency of these channels.
The use of covered, uncovered, balloon, and self-
expandable stents have all been described in the litera-
ture.17-19 Uncovered stents generate a ﬂow channel
between the stent graft and aortic wall to maintain vascu-
larization, where covered stents direct the blood directly
to the target vessel. We believe covered stents are beneﬁcial
because pressurization of the perigraft channels is reduced,
lowering the chance of type I endoleaks, especially in the
absence of any aortic neck. Dislodging of a covered stent,
however, directly compromises the side branch and, there-
fore, covered stents have to be placed well into the target
vessel to secure a good ﬁxation.
Deployment of stents in the vicinity of side branches
always harbors the risk of unintentional coverage of a side
branch. During a chimney graft procedure, not only the
stent graft itself but also the covered chimney graft might
obliterate the oriﬁce of a next side branch, of which the
physician should be aware. Ischemic complications related
to the bare stenting proximal to the covered area of the
stent graft can be catastrophic, such as in one of our
patients, but are highly uncommon.20
Most self-expandable peripheral stents are made of
nitinol, which is a “shape-memory” alloy. Because of its
mechanical properties, the material tends to remain in its
original shape, making the material capable of undergoing
large deformations without experiencing permanent defor-
mation. These properties not only generate the required
radial force, by constantly trying to regain its initial diam-
eter, but also might straighten the stent during and after
deployment. During the procedure, the physician should
be aware of these properties. Although a less steep angula-
tion of the chimney stent might result in a prolonged
covered part of the stent, making the perigraft channels
longer and more likely to thrombose, the interference
with the graft apposition and ﬁxation will be greater. In
case of a crossing chimney grafts conﬁguration, the stent
graft apposition is compromised to an even larger extent.Two of our ﬁrst three patients had a crossing conﬁguration
of both chimneys, and although these patients did not
show any complications, we believe this should be avoided.
However, the mobility of the guidewires and stents make it
challenging and hard to control for the operator to guide
the cranial part of the chimneys to the desirable direction.
This study has some important limitations that should
be addressed. The small population and heterogeneity for
disease and used treatment methods make it impossible
to determine which variables are associated with the success
or failure of therapy. Duration of follow-up was short, and
no long-term outcomes were available. However, the
current evidence consists of only case series, and it is not
likely that there will be randomized controlled trials.
With growing experience and constantly reﬁning the tech-
niques, we get a better insight into the applicability of
chimney grafts for endovascular repair of juxtarenal aneu-
rysms. Until standardized fenestrated and branched stent
grafts have become widely available, the chimney graft
offers a good alternative in the treatment for patients
with a juxtarenal aneurysm, however, long-term outcome
should be awaited to fully comprehend the position of
the chimney procedure in the surgeons’ treatment strategy.
CONCLUSIONS
Until standardized fenestrated or branched endopro-
thesis became widely available, the chimney procedure
offers a good alternative in patients requiring aneurysm
exclusion with side branch revascularization. Although
initial results show absence of aneurysm growth in most
patients, long-term follow-up has to be awaited.AUTHOR CONTRIBUTIONS
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